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ABSTRACT

This report presents th¢ results ?,f, a test program requested by Jet
Propulsion Laboratory to determine the effects of a sequence of environments
on the electrical parameters of the 2N2369 transistors manufactured by
Fairchild Semiconductors. The environments consisted of temperature
effects, temperature storage, thermal and mechanical shock, vibration,

acceleration, humidity, low temperature and operating life.

Parameters monitored were hFEl’ hFEZ’ VCE(SAT)’ VBE(SAT)’ ICBO’

BVCBO and BVEB

o
One hundred and twenty transistors were received from Jet Propulsion
Laboratory for evaluation. Ten units were set aside to check instrumentation.
The 110 remaining were divided into five test groups. Group I was used as
control group. Group Il was subjected to thermal environments, operating
life and low temperature storage. Group III was subjected to thermal and
mechanical environments, operating life and acceleration. Group IV was

subjected to the mechanical environments, operating life and acceleration.

Group V was placed immediately into an operational life test.

Initial electrical parameter measurements were made prior to any
environmental testing. Four failures were noted during the initial
measurements. Two devices were catastrophic failures and two had

degradation failures.

Devices in Groups II and III were then subjected to the temperature effects test.
Measurements were made of the parameters while the device was at

temperature. There were 13 catastrophic failures during the temperature

effects test.
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ABSTRACT (Cont.)
Following the temperature effects test, the devices in Groups II and III were
subjected to a temperature storage test at an ambient temperature of 200°C
for a period of 200 hours. Two failures were noted during the post
temperature storage environment. One device was a catastrophic failure and

one device had a degradation failure.

Devices in Groups II and III were then subjected to ten cycles of temperature
cycling from -55°C to +125°C. Two devices were catastrophic failures

following the temperature cycling environment.

Devices in Groups IIl and IV were subjected to ten shocks each with a 1500 G
peak amplitude and a duration of 1 +. 5 milliseconds in each of two directions
for a total of 20 blows. One catastrophic failure was noted at the post

environmental data point.

Devices in Groups IIl and IV were subjected to three, five-minute cycles of 35 G
R M S sinusoidal acceleration from 70 to 3000 to 70 cps in each of two axes.

One catastrophic failure was noted at the post environmental data point.

Devices in Groups III and IV were subjected to ten cycles of humidity per
MIL.-STD-202B, Method 106A (excluding Step 7). Six catastrophic failures
were noted at the post environmental data point., Surface corrosion was noted

on the transistor leads and headers following the humidity test.

All devices were then subjected to 2000 hours of operating life at an ambient
temperature of 100° C with a power dissipation of 200 milliwatts. There was
a total of sixteen failures during operating life. Seven devices were

catastrophic failures and 9 devices had degradation failures. The seven
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The nine degradations were primarily due to

perpendicular axes.

-180° C non-operational, for a period of 96 hours.

ABSTRACT (Cont,)

catastrophic failures were primarily due to collector-base breakdown.

leakage current

CBO

increasing more than one order of magnitude from the initial value.

Devices in Groups III and IV were then subjected to an acceleration test of

20,000 G's for a period of one minute in each of the three mutually

Two devices were catastrophic failures following the

acceleration test,

The devices in Group Il were subjected to a low temperature storage test,

One catastrophic failure

was noted during the post environmental data point.

Table 1 is a summary of the failures noted during the environments testing.

TABLE 1
Mode Of Failure Versus Test Group
NOTE: A device may be a failure on both lead breakage and another para-

meter.
7
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I 0 1 3 0 0 0 . 2 5 50%
II 9 1 4 0 0 0 0 14 70%
II1 1 0 5 0 1 0 1 8 80%
IV 2 0 5 3 1 0 % 2 12 60 %
v 2 0 2 4 2 2 0 12 24%

TOTAL | 14 2 19 7 4 2 5
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ABSTRACT (Cont.)

Measurement data from this test was analyzed in accordance with JPL
Specification ZPP20040. At each measurement point an analysis was
performed to determine if a significant change in measurement values
had occurred since the measurements were last taken. A significant
change could be either a shift in the arithmetic mean and/or the variance
( @a measure of data dispersion or spread). In the interpretation of the
results, it was recognized that a statistically significant finding is not
necessarily significant as an engineering result (though significant
‘engineering results based upon measurement data should be statistically
significant). In this sense the statistical findings were used to detect
possibly significant engineering results, and to confirm engineering

results based upon the measurement data.

Histograms were prepared on the initial and final parameter measurements.
The histograms provide a quick visualization of the measurement data,

They are useful in setting realistic tolerances, and in detecting pronounced
non-normality of the measurement distributions (which in turn affect

whether or not a statistical result is significant).

This report is engineering oriented. Statistical findings are incorporated

with the engineering results.
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1.

1.

REPORT DATA

INTRODUCTION -

Objectives:
The purpose of testing the Fairchild Semiconductor 2N2369,

NPN Silicon Planar Epitaxial Transistor was to gain information

on device performance when subjected to a sequence of environment. .

This information will determine the acceptability of the device.
Test Plan:

The 120 devices received for testing were inspected for physical
anomalies and numbered from 1 to 110 for identification. The
remaining ten devices were set aside for use in checking the

instrumentation and operating life test circuits.

The devices were inserted into Tektronix transistor adapters during
the parameter measurements. No solder connections were made
on the devices at any time. A specially designed multiple-package
capability fixture made of magnesium was used for the mechanical
shock and vibration environments. Extensive research was
conducted to determine if any objectionable resonant frequencies
existed. Results proved these fixtures had no measureable

resonances below 3700 cps.

Parameters monitored after each environmental exposure were

as follows:

1. hpp 5. Iepo
2. hFEZ 6. BVCBO
3. VgE(saT) 7. BVgpo
4. VCE(SAT)
o averems amour | PAGE 5 OF 29 REPORT NO. 7-0057




1.0 INTRODUCTION (Cont.) -

1.2 Test Plan (Cont.):

The preceding parameters will be referred to hereafter in this

report as ''post environmental measurements''.

The initial and final electrical measurements included Cob’

VCEO(SUST)’ the switching times and the post environmental

measurements.

4
Table 1 gives the requirements of these measurements in

addition to the electrical characteristics of the devices under

test.

All measurements were made at room ambient temperature
(25°C £3°C) and the devices were allowed to stabilize for a
minimum of eight hours before any measurements were made,

unless otherwise specified.

Prior to the initial measurements the devices were divided

into five groups as follows:

Group I - Devices numbered 1-10 inclusive were used as
control devices and were measured at each data
point.

Group II - Devices numbered 11-30 inclusive were used as

thermal environment units.

Group III - Devices numbered 31-40 inclusive were used as
thermal and mechanical environment units.

Group IV - Devices numbered 41-60 inclusive were used as
mechanical environment units.

Group V - Devices numbered 61-110 inclusive were used as the
operating life test units and did not undergo the
thermal or mechanical tests.

GENERAL PRECISION, INC.
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1.0 INTRODUCTION (Cont.) -

1.2 Test Plan {(Cont.):

The devices in Group I through V were subjected to the environments

listed in Table 2.

TABLE 1

Electrical Requirements

INITIAL POST ENVI,
PARAMETER|SYMBOL CONDITION WIN. MAX.] MIN. | MAX.] UNITS
gorward ‘ hFEl IC=10 ma Pulse 40 120 - - -
urrent Gain v ~1.0V
CE ™
hFEZ IC:lOO ma Pulse |20 - - - -
VCE:ZV
Saturation VBE(SAT) IC:lO ma 0.7 ]0.85 - .935 A"
Voltages _
I.=1.0 ma
B
VCE(SAT) IC=10 ma - 0.25 - . 275 A"
IB: 1.0 ma
Capacitance Cob VCB=5V - 4 - - pf
IE=0
Leakage ICBO VCB=20V - 0.4 - - ua
Current
Breakdown BVCBO IC= 10 ua 40 - 38 - \'
Voltage
VCEO(SUST) IC=10 ma Pulse |15 - 14 - A\
T —
Ig= 0
BVEBO IE=10 ua 4.5 |- 4.0 - \'
IC=0
Sv.vitching ‘T IC=IB1‘=IB2‘=10ma - 13 - - n sec.
Times
TOn IC=10 ma IB1:3 - 18 - - n sec.
ma IBZ:I. 5 ma
INFORMATION SvaTEms crour | PAGE 7 OF 29 REPORT NO. 7-0057
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1.0 INTRODUCTION (Cont.)-
1.2 Test Plan (Cont.):
TABLE 1 (Cont.)

&; INITIAL POST ENVI,
PARAMETER [SYMBOL CONDITION MIN. MAX. I[MIN. MAX.| UNITS
Swluﬂnng TOff IC=IOHH11B1: - 18 - - n sec.
Times 3mal,,=1.5 ma

B2
TABLE 2.
Tests To Which Each Group Was Subjected
2
S )y [&s [ 58S Ss
Ly N o & & o

Initial Measurements

Paragraph 2.2 X X X X x
Temperature Effects

Paragraph 2.3 * X x
Temperature Storage

Paragraph 2.4 * X X
Temperature Cycling

Paragraph 2.5 * X X
Mechanical Shock

Paragraph 2.6 * X X
Vibration '

Paragraph 2.7 * X X
Humidity

Paragraph 2.8 * X x
Operating Life (2000 Hours)

Paragraph 2.9 * X X X X
Final Measurements

Paragraph 2.9 % X X X X
Low Temperature

Paragraph 2.10 * X

RECISION, INC.
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1.0 INTRODUCTION (Cont.)-

1.2 Test Plan (Cont.):

TABLE 2. (Cont.)

5 oOQ’ oaQ & §’A O§
o & A
&~ /G S/t S/)So0 S /)
Acceleration
Paragraph 2.11 * X X

s

% The devices in Group I were measured at each data point.

1.2.1 Failure Analysis:

Any device which failed catastrophically was removed from the
testing sequence and subjected to failure analysis. A failure
description for each failure appears in the conclusions section
of this report.

1.2.2 Degradation Criteria:

Current Gain: h +20% of the initial measurement value or
FEI .. .
a minimum Beta of 36 or a maximum Beta
of 132.

h +20% of the initial measurement value or a
FE2 A
minimum Beta of 18.

Leakage Current: +100% of the maximum specification limit
or one order of magnitude change above 10
namps, whichever was smaller.

. Breakdown Voltage: 95% of the minimum specification limit.
Saturation Voltage: +10% increase in maximum specification
limit.

SNl P rems urour | PAGE O OF 29 REPORT NO. 7-0057

601-A-1 1763



2.0 TEST PROCEDURES-

2.1 Test Sequence Flow Diagram:

INITIAL ELE?TRICAL MEASUREMENTS

110)
| I [ I
GROUPI1I GROUP 11 11-30 GROUP IV GROUP V
1 -10 GROUP III 31-40 41-60 61-110
Temperature
Effects Shock
, : |
Post Environmental Measurements
] v
Temperature . .
Storage Vibration
Post Environmental Measurements
Thermal Shock Humidity
' ' '
Post Environmental Measurements
Group III —
! 31-40 v v
Operating Life

Post Environmental Measurements

at 100, 250, 500 and 1000 Hours

1

!

Final Electrical Measurements at 2000 Hours

!

|

Low Temp. Acceleration
Storage

Post Environmental Measurements

LIBRASCOPE DIVISION
General Precision, inc.
GLENDALE, CALIFORNIA
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2.0 TEST PROCEDURES (Cont.)-

2.2 Initial Electrical Parameter Test:

Initial measurements of the electrical parameters were
performed per the requirements of Table I, on the Continental
Device Corporation test equipment.

2.3 Temperature Effects Test:

The devices in Group II and III were subjected to the temperature
effects test as follows: The test devices were mounted into clips
on a Continental Device Corporation operating life test board.
The board was inserted into a connector on the door of the test
chamber. A similar board was inserted into the connector on
the outside of the chamber. A shroud was installed over both

boards and a flow of dry nitrogen used as a moisture shield.

The devices were subjected to the temperature effects test as

shown in Figure 1.

150°C — ¥V = MEASUREMENT DATA POINT
AFTER STERILIZATION

125°C — 4

75°C— L

30°C A/ A 30°¢

X —20°C

— —55°¢C

Figurel. Temperature Effects

o , INC.
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2.0 TEST PROCEDURES (Cont.)-

2.4 Temperature Storage Test:

Devices in Group II and III were subjected to an ambient
temperature of 200°C £5°C, non-operating, for a duration of
200 hours. The post environmental measurements were
performed at the completion of the temperature storage test.

2.5 Thermal Shock Test:

The transistors in Group II and IIl were subjected to ten cycles

of thermal shock as follows: The devices were exposed to a

temperature of -55°C ;3° g for a period of 30 minutes. They
were then removed from the extreme cold and immediately

+3°C

placed in a chamber at +125°C _0°C

for a period of 30 minutes.

Transition between chambers was less than two minutes. The
sequence from cold to hot is one cycle and was continued for a
total of ten cycles. The post environmental measurements were
performed at the completion of thermal shock.

2.6 Mechanical Shock Test:

The devices in Group IIl and IV were subjected to ten impacts,
each impact having a 1500 G peak amplitude and a duration of

1 £.5 milliseconds in both a radial and a longitudinal direction
for a total of 20 blows. Post environmental measurements were
performed at the completion of the mechanical shock test.

2.7 Vibration Test:

The devices in Group III and IV were securely mounted in a
specially designed multiple-package fixture made of magnesium.
Extensive research was conducted to determine if any objectionable

resonant frequencies existed. Results proved these special

oo avarems orour | PAGE 12 OF 29 REPORT NO.  7-0057
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2.0

2.8

2.9

TEST PROCEDURES (Cont. ) -

Vibration Test (Cont.):

fixtures had no measurable resonances below 3700 cps.
The devices were subjected to three cycles of 35 G RMS
sinusoidal acceleration swept from 70 to 3000 to 70 cps.
The transistors were vibrated in both the radial and
longitudinal axes. Vibration time was five minutes per
sweep for a total of 15 minutes in each plane. Post
environmental measurements were performed at the
completion of the vibration test.

Humidity Test:

The devices in Group III and IV were subjected to ten cycles
of humidity per MIL-STD-202B, Method 106A, Figure 106-1
{excluding Step 7). Post environmental measurements were
performed at the completion of the humidity test.

Operating Life Test:

The devices in Group II, III, IV and V were subjected to an
operating life test for a period of 2000 hours at a ambient
temperature of 100° fg: C. The devices were operated in a
common base mode with a VCB of 30.8 volts and a IC of 6.5
milliamps for a maximum power dissipation of 200 milliwatts.
The operating life test was interrupted at 100 hours, 250 hours,
500 hours, 1000 hours and 2000 hours for electrical parameter
measurements. After each interruption a minimum of eight
hours was allowed for stabilization at room ambient

temperature before the post environmental measurements were

made. At the completion of the 2000 hours life test a minimum

GENERAL PRECISION, INC.
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2.10

3.0

TEST PROCEDURES (Cont.)-

Operating Life Test (Cont.):

of 48 hours was allowed for stabilization before the final

electrical measurements were made. The final measurements

were made before Group II was subjected to the low temperature,

and Group IIl and IV were subjected to acceleration. The
life test circuit is included in the Appendix of this report.

Acceleration Test:

At Jet Propulsion Liaboratory the devices in Group III and IV
were subjected to an acceleration test o‘f 20,000 G for a period
of one minute in each of the three mutually perpendicular
planes. Post environmental measurements were made at the
completion of the acceleration test.

Low Temperature Test:

The devices in Group II, non-operational, were subjected to
a low temperature test at Jet Propulsion Laboratory. The
devices were subjected to an ambient temperature of -180°C
for a period of 96 hours. Post environmental parameter
measurements were made at the completion of the low
temperature test.

TEST RESULTS-

Initial Electrical Parameter Test Results:

Initial electrical parameter measurements were within the
manufacturer's specification with the exception of four devices.
Two devices were catastrophic failures and two devices were
below the manufacturer's specification on BVCBO' Table 3

is a summary of the failures noted during the initial

parameter measurements.

GENERAL PRECISION, INC.
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3.0 TEST RESULTS (Cont.)-
3.1 Initial Electrical Parameter Test Results (Cont.):
TABLE 3
Failures Noted During Initial Parameter Measurements
MEASURED
DEVICE FAILURE PARAMETER | VALUE WHEN FINAL
NO., CLASSIFICATION FAILURE FIRST DETECTED | VALUE
57 Catastrophic BVCBO 2.4 Volts --
BVEBO 2.4 Volts --
76 Catastrophic BVCBO Short --
BVEBO 3.4 Volts --
95 Degradation BVCBO 34.3 Volts 34.1 Volts
99 Degradation BVCBO 39.4 Volts 39.6 Volts
3.2 Temperature Effects Test Results:

There were 13 catastrophic failures during the temperature

effects test.

13 catastrophic failures.

Secondary breakdown was noted on three of the

A plot of the mean and 90%

confidence limits of the mean is included in the appendix of

this report for each of the parameters measured during

the temperature effects test.

Table 4 is a summary

of the failures noted during the temperature effects parameter

measurements.
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INFORMATION SYSTEMS GROUP

3.0 TEST RESULTS (Cont.)-
3.2 Temperature Effects Test Results (Cont.):
TABLE 4
Failures Noted Following Temperature Effects
MEASURED
DEVICE FAILURE WHEN FIRST} PARAMETER |VALUE WHEN
NO. 1 CLASSIFICATION | DETECTED FAILURE DETECTED
11 Catastro(phic 30°C (1st) BVCBO Short
|
12 Catastrophic 30°C (lst) BVCBO Short
13 Catastrophic 75°C BVCBO Short
BVEBO Short
14 Catastrophlbc 30°C (1st) BVEBO Short |
15 Catastrophic 75°C BVCBO Short
21 Catastrophic 175°C BVCBO Open
BVEBO Open
22 Catastrophic 75°C BVCBO Short
23 Catastrophic 75°C BVCBO Short
26 Catastrophic 75°C BVCBO Short
27 Catastrophic 75°C BVCBO Short
28 Catastrophic 75°C BVCBO Short
31 Catastrophic 150°C BVCBO 7.35 Volts
BYEB_Q 4 Short |
|
34 Catastrophic 150°C BVCBO Short
BVEBO Open
GENERAL PRECISION, INC. PAGE 16 OF 29 RE’O"T NO. 7-0057
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shock test.

TABLE 6
Failures Noted Following Thermal Shock

3.0 TEST RESULTS (Cont. ) -
3.3 Temperature Storage Test Results:
There were two failures noted at the electrical parameter
measurement data point following the temperature storage
test. Table 5 is a summary of the failures noted,
TABLE 5
Failures Noted Following Temperature Storage
MEASURED
DEVICE FAILURE PARAMETER | VALUE WHEN
NO. CLASSIFICATION FAILURE DETECTED
29 Catastrophic BVCBO Short
BVEBO Short
38 Degradation BVCBO 37.4 Volts
3.4 Thermal Shock Test Results:

There were two catastrophic failures noted at the electrical
parameter measurement data point following the thermal

Table 6 is a summary of the failures noted.

MEASURED
DEVICE FAILURE PARAMETER VALUE WHEN
NO. CLASSIFICATION FAILURE DETECTED
8 Catastrophic BVCBO Short
17 Catastrophic BVCBO Short
GENERAL PRECISION, INC.
INFORMATION SYSTEMS GROUP Pm 17 OF REPORY NO. 7-0057
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3.0 TEST RESULTS (Cont. ) -

3.5 Mechanical Shock Test Results:

One catastrophic failure was noted during the post
environmental data point. Table 7 is a summary of the

failure noted during the mechanical shock test.

TABLE 7
Failures Noted Following Mechanical Shock

MEASURED
DEVICE FAILURE PARAMETER VALUE WHEN
NO. CLASSIFICATION FAILURE DETECTED
35 Catastrophic BVCBO Short

3.6 " Vibration Test Results:

One degradation failure was noted during the post environmental
data point. Table 8 is a summary of the failure noted during
the vibration test.

TABLE 8

Failures Noted Following Vibration

MEASURED
DEVICE FAILURE PARAMETER VALUE WHEN
NO. CLASSIFICATION FAILURE DETECTED
41 Degradation {‘ BVEBO 3.81
3.7 Humidity Test Results:

Six catastrophic failures were noted at the post environmental
measurements. Table 9 is a summary of the failures noted
during the humidity test. The devices subjected to the humidity
test also were noted as having surface corrosion on the

leads and heads.
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3.0 TEST RESULTS (Cont.):
3.7 Humidity Test Results (Cont.):
TABLE 9

Failures Noted Following Humidity

throughout the operating life test.

An increase of collector-base leakage |

mode of failure versus time.

MEASURED
DEVICE FAILURE PARAMETER VALUE WHEN
NO. CLASSIFICATION FAILURE DETECTED
32 Catastrophic BVCBO Short
BVEBO Short
33 Catastrophic BVCBO Short
BVEBO Short
42 Catastrophic BVCBO Short
BVEBO Short
50 Catastrophic BVCBO Short
BVEBO Short
56 Catastrophic BVCBO Short
BVEBO Short
59 Catastrophic BVCBO Short
BVEBO Short
3.8 Operating Life Test Results:

ICBO) was noted

There were seven
catastrophic and 8 degradation failures during this test.

Results of the test are summarized in Table 10 comparing

GENERAL PRECISION, INC.
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3. TEST RESULTS (Cont.)-
3. Operating Life Test Results (Cont.):
TABLE 10
Summary of Operating Life Test Results
MEASURED

DEVICE FAILURE PARAMETER |VALUE WHEN FINAL

NO. CLASSIFICATION | FAILURE DETECTED VALUE
100-Hour

36 Catastrophic Lead -- --

107 Degradation hFEZ 26.3 30.3
250 -Hour

47 Degradation ICBO 150 na 20 na

82 Degradation ICBO 1030 na 192 na

86 Catastrophic BVCBO Short --

87 Catastrophic BVCBO Short --
500-Hour

64 Degradation I-so 140 na 88 na

108 Degradation ICBO 140 na 88 na
1000-Hour

46 Catastrophic BV-Ro Short --

49 Catastrophic BVCBO Short -

83 Degradation ICBO 260 na 4 na

96 Degradation hFEl 39.4 56. 2
2000 -Hour

43 Catastrophic BVCBO 15 Volts --
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3.0 TEST RESULTS (Cont.) -
3.8 , Operating Life Test Results (Cont.):
TABLE 10 (Cont.)
MEASURED
DEVICE FAILURE PARAMETER| VALUE WHEN FINAL
NO. CLASSIFICATION | FAILURE DETECTED VALUE
2000-Hour (Cont.)
51 Degradation ICBO 850 na --
70 Catastrophic BVCBO Short --
3.9 Acceleration Test Results:
Two catastrophic failures were noted during the post
environmental data point. Table 11 is a summary of the
failures noted during the acceleration test.
TABLE 11
Failures Noted Following Acceleration
MEASURED
DEVICE FAILURE PARAMETER VALUE WHEN
NO. CLASSIFICATION FAILURE DETECTED
37 Catastrophic BVCBO Open
BVeBo
52 Catastrophic Lead Open
Device No. 37 was opened and it was found that the base lead was
broken free of the dice.
3.10 Low Temperature Test Results:

One catastrophic failure was noted during the post
environmental data point. Table 12 is a summary of the

mode of failure.
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3.0 TEST RESULTS (Cont.)-
3.10 Low Temperature Test Results (Cont.):
TABLE 12

Failures Noted Following Low Temperature

MEASURED
DEVICE FAILURE PARAMETER VALUE WHEN
NO. CLASSIFICATION FAILURE DETECTED
16 Catastrophic BVCBO Short

4.0 FAILURE ANALYSIS-

All devices regarded as failures as a result of the test
program were checked on the Tektronix 575 Transistor
Curve Tracer. Failure analysis appears under the specific

environment sections.
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5.0 STATISTICAL INTERPRETATION OF RESULTS-

A result which is statistically significant is one which is
significant at a confidence level of 95 per cent. That is, we
make a statement that the change observed is due to a cause
other than change; we expect this statement to be correct to the
extent that if the test were repeated with similar units, the same

general result would be obtained 95 per cent of the time.

Often the cause of a statistically significant result is due to a
shift in accuracy of the measurement instrument rather than an
effect of environmental stress. This can usually be determined
by examination of the control unit measurements. In such cases,
where the cause of change is instrumentation accuracy rather than
environmental effect, the result is not reported as being
statistically significant.

5.1 Failures:
Thirteen out of 30 units failed during temperature effects. Eleven
of the failures occurred in Group Il which would indicate that
units in Group II are significantly different from units in Group

III, yet both groups should be the same.

Qut of 33 units subjected to mechanical and/or thermal stress,
eight failures occurred during the first 100 hours of life test.

It can not be said that the causative factor of failure were the
mechanical and/or thermal stresses, for by 250 hours the control
group had proportionately the same number of failures as Group
II, III, and IV. Of interest is the proportionately few failures in

Group V.
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5.0 STATISTICAL INTERPRETATION OF RESULTS (Cont.)-

5.1 Failures (Cont.):

Following 1000 hours of life test it was observed that three units

out of 14 had failed in Group IV.
During acceleration, five out of fourteen units failed.

There were no significant changes observed on the following

C A%

VBE(SAT) “ob’ VCEO(SUST)’ T . T,y and

parameters:

Toff'

hpEr

5.2.1 Vibration:
Group IV had a statistically significant mean increase of 1.8
per cent.

5.2.2 Life Test:
100 Hours
Group IV had a statistically significant mean increase of 1.8 per
cent. Group V had a statistically significant mean decrease of
4.3 per cent. One unit in Group V had a measurement decrease
of 31. 3.
250 Hours:
Group IV had a statistically significant mean increase of 2. 7 per
cent. One unit in Group IV had a measurement increase of 11.9,
Group V had a statistically significant mean decrease of 1.5 per
cent.
500 Hours
Group II had a statistically significant mean decrease of 2.0 per

cent. One unit in Group IV had a decrease of 43.9.
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5.

2.

2.

.3

3.

1

STATISTICAL INTERPRETATION OF RESULTS (Cont.)-

hFEl (Cont.):

Life Test (Cont.):

1000 Hours

Groups II, III, and IV had a statistically significant mean
increase ;f 4.3, 3.9, and 5.5 respectively. Group V had a
range of change from -25.8 to 14.7.

2000 Hours

Group IV had a statistically significant mean decrease of 3.8

per cent. Group V had a range of change from -36.6 to 27.0.

Acceleration:

Group V had a statistically significant mean decrease of 1.1 per
cent.

Low Temperature:

Group II had a statistically significant mean decrease of 1.0 per

cent.

heg2!

Life Test:

100 Hours

Groups III, 1V, and V had a statistically significant mean
increase 0f 0.9, 1.0 and 1.4 per cent respectively.

1000 Hours

Group V had a statistically significant mean increase of 2.7 per
cent.

2000 Hours

Groups II, IV, and V had a statistically significant mean decrease

of 4.6, 4.4, and 11.1 per cent respectively. The range of

L SN e | PAGE 25 OF 29 | AEPORT MO, 7-0057
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5.

STATISTICAL INTERPRETATION OF RESULTS (Cont. ) -

hFEZ {Cont.):

Life Test (Cont.):

2000 Hours (Cont.)

measurement change for Group V was from -18.1 to 17.0

VCE(SAT)

Initial:
Group II had one unit with a measurement of 9.3 volts.

Shock:

Group IV had a statistically significant mean increase of 2.5 per
cent.

Life Test:

250 Hours

Group V had a statistically significant mean increase of 2.7 per
cent,

500 Hours

Group IV had a statistically significant mean increase of 2.8 per
cent. Group V had a statistically significant mean decrease of
2,2 per cent.

BVCBO:

No significant mean changes were observed. Measurement change
for individual units ranged from -13.2 volts to 12.4 volts.

BVEBO:

No significant mean changes were observed. One unit in Group

III had an increase of 46. 2 volts during or following acceleration.
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5.0 STATISTICAL INTERPRETATION OF RESULTS (Cont.)-

IeBO!

Group V had a significant mean increase of 37.7, 31.9 and
30.9 per cent after 100, 250, and 500 hours of life test
respectively.

6.0 CONCLUSIONS -

There was a total of 51 failures noted during the testing
program; thirty five were catastrophic failures, seven were
degradation failures on ICBO' A summary of mode of failure
versus test group is included in Table 13, Of interest is the
high percentage of catastrophic failures in the control group
(Group I). This group did not see any of the environments
the other devices were subjected to, but had four catastrophic
failures. A possibility exists that repeated application of
breakdown voltages or currents along with the susceptibility of
the device to exhibit secondary breakdown may have been the
cause of the catastrophic failures. The extremely small
geometry of the dice and planar construction prevent anything

more than a hypothesis of the cause of the catastrophic failures.

The large percentage of ICBO failures is due to an increase of
leakage current greater than one order of magnitude from the

initial value.
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6.0 CONCLUSIONS (Cont.)-
TABLE 13
Mode Of Failure Versus Test Group
. @
: 2
25 a8 |98 z z Z
& oo é E o | R S lz 9 S
2 ©Oo |7 o [OFO = |2 B = )
> x|l g |FBER < |om« < 0 >
~ O & || & |OEs A |aovuaA A < <
O H wn |k 5 |[R20 < | X< < M &
A< e < [HE< o |<Bx |<x |9 < % .
A= |2 g |4 | 2 O |30 | O < B B R
QO < |2 « |0z« | 0 H |2x0o@ |@ M H o M
O 0 |d g |94 [ A |a>a |ma 0 A M
I 0 1 3 0 0 0 2 5 50%
&
11 9 1 4 0 0 0 0 14 70%
111 1 0 5 0 1 0 1 8 80%
v 2 0 5 3 1 0 2 12 60%
\ 2 0 2 4 2 2 0 12 24%
TOTAL | 14 2 19 7 4 2 5

NOTE: A device may be a failure on both lead breakage and another
parameter.
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APPENDIX 1

This Appendix contains a Description Of Apparatus,
Life Test Circuit, Graphs, J.P. L. Format and,

Histograms
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DESCRIPTION OF APPARATUS-

lL.eakage Tester, MTD-18-1, Continental Device Corporation
Pulsed VSAT Tester, 53014-3, Continental Device Corporation
Beta Tester, 43013, Continental Device Corporation

Beta Tester, 43014-1-1, Continental Device Corporation
LVCE Tester, MT-16-2, Continental Device Corporation

Capacitance Bridge, Model 75A-S8, Boonton Electronics
Corporation S/N 602

Digital Voltmeter, Model 7300-A, Cimron Corporation S/N 1342

LIFE TEST CIRCUIT

Rg RL

4

VCC = 64 Volts

Vgg = 6.5 Volts
R, = 51K

Ry = LOK

IE = 6.5 ma

Vg =308 Volts
PD =200 mw
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From a statistical approach the Temperature Effects curves
are meaningful. Since the calculations of the mean for each
test point include the maverick data points,the mean shows a
gross effect. Each curve consists of the parameter '""mean"
and the upper and lower 90 per cent confidence limits of the

mean with respect to temperature.

From an engineering standpoint the curves do not reflect

the typical parameter response.
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JPL TEST NUMBER AOO83 BM (7-0057)
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' PART NUMBER 2N2369
PARAMETER hFE, UNIT  NONE

TEMPERATURE EFFECTS TEST
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JPL TEST NUMBER ' A0OO83 BM (7-0057) |
VENDOR FAIRCHILD SEMICONDUCTOR -
PART NUMBER 2N2369 .
PARAMETER hgg,, UNIT  NONE _ o

TEMPERATURE EFFECTS TEST = |
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160t

140 +
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JPL TEST NUMBER

A0083 BM{(7-0057)
VENDOR  FAIRCHILD SEMICONDUCTOR
" PART NUMBER 2N 2369 |

_PARAMETER Vcg (saT) UNIT _ VOLTS.

TEMPERATURE EFFECTS ' TEST = . . |
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